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Abstract
The boson and fermion particle masses are calculated in a finite quantum field theory. The field
theory satisfies Poincare´ invariance, unitarity and microscopic causality, and all loop graphs are finite to
all orders of perturbation theory. The infinite derivative nonlocal field interactions are regularized with a
mass (length) scale parameter Λi. The W , Z and Higgs boson masses are calculated from finite one-loop
self-energy graphs. The W± mass is predicted to be MW = 80.05 GeV, and the higher order radiative
corrections to the Higgs boson mass mH = 125 GeV are damped out above the regulating mass scale
parameter ΛH = 1.57 TeV. The three generations of quark and lepton masses are calculated from finite
one-loop self-interactions, and there is an exponential spacing in mass between the quarks and leptons.
1 Introduction
A paramount mystery in particle physics is the origin of the three families of quark and lepton masses. The
standard model (SM) of quarks and leptons interacting with gauge forces leads to a successful quantitative
theory. The Higgs field is coupled to the quarks and leptons through the Yukawa interactions, and their
different interaction strengths with the Higgs doublet describe their masses. However, the SM does not
provide a fundamental understanding of the bizarre pattern of quark and lepton masses that exhibit 12
orders of magnitude differences in masses. There are 22 free parameters associated with the particle flavors
and 28 free parameters in the Majorana extended SM, questioning whether the SM is a fundamental theory
of nature.
Most attempts to solve the flavor puzzle of SM involve enlarging the group structure SU(3)C × S(2)L ×
U(1)Y that describes the strong, weak and electromagnetic forces. It has been proposed that the three
families are distinguished by new quantum numbers belonging to the flavors, Gfl, extending the SM group
structure to Gfl×SU(3)C×S(2)L×U(1)Y . Recently, Weinberg [1] has pursued the idea that only the third
generation of quarks and leptons masses are generated through the spontaneous symmetry breaking of the
vacuum and by tree graphs, while the second and third generation masses are generated by radiative loop
graphs. Weinberg extended the standard model gauge group by SO(3)L×SO(3)R with the three generations
of quarks and charged leptons furnishing the separate representations (1, 3). Nine doublets of scalar Higgs
bosons with accompanying gauge vector bosons and additional new free parameters are required to produce
a renormalizable model. The new undetected particles are elevated to a higher energy. He concluded that
this scheme does not lead to realistic models of the masses.
We will pursue an alternative solution of the particle masses mystery by employing the finite quantum
field theory (finite QFT) [2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22]. The QFT
realizes a Poincare´ invariant, unitary QFT and all quantum loop graphs are ultraviolet finite to all orders
of perturbations theory. Although the field operators and the interactions of particles are nonlocal, the
model satisfies microscopic causality [22]. The SM SU(2) × U(1) electroweak sector has been formulated
as spontaneous breaking of the gauge invariant sector with masses produced by the symmetry breaking [23,
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24, 25, 26, 27, 28, 29]. The finite QFT model allows for an alternative interpretation of the elecroweak
SU(2)× U(1) sector. Because the loop graphs are finite an infinite renormalization of particle interactions
is not required. This allows for finite field theory interactions with massive bosons and fermions in the
Lagrangian. The idea that the SU(2) × U(1) Lagrangian has initially to be massless at the outset to
guarantee a gauge invariant and renormalizable scheme is discarded. Moreover, the assumption that the
classical Higgs potential has the form:
Lφ = −µ2φ†φ+ ∂µφ†∂µφ+ λ(φ†φ)2, (1)
where φ is the complex Higgs field need not be made. The boson and fermion masses are calculated from
perturbative one-loop graphs with an associated QFT length (mass) scale Λi. By determining the scale ΛWZ
for the Z boson mass, the mass of the W boson is predicted to beMW = 80.05 GeV close to the observed mass
MW = 80.379± 0.012 GeV. Because the Higgs field self-interaction coupling parameter λ in the electroweak
symmetry broken SM and the Higgs field vacuum expectation value v = 〈0|φ|0〉 = 246 GeV are discarded,
there is one less free parameter in the present particle model. All the low energy predicted decay products
and particle productions verified by the LHC will be retained in the alternative model. However, the only
electroweak true vacuum will be v = 0 predicting a stable vacuum in contrast to the standard prediction by
the Higgs mechanism of an unstable vacuum a very high energies [30, 31, 22].
A key experimental verification of the standard electroweak symmetry breaking mechanism is to measure
the triple and quartic self-interaction terms in the potential V (φ) after symmetry breaking:
V (φ) =
1
2
m2Hφ
2 + λvφ3 + λφ4. (2)
In the SM the assumed specific self-coupling term after symmetry breaking, λvφ3, predicts the relation
between the self-coupling constant λ and the vacuum expectation value v, MH =
√
2λv. The vacuum
expectation value v = 246 GeV is known from the Fermi theory to a precision of 7 digits, leading to the
predicted value λ = 0.13 verified experimentally to several digits. A modification of the Higgs potential (2)
will modify these predictions. Only a direct measurement of the Higgs field self-coupling interaction can
verify the standard electroweak symmetry breaking model. Until now no measurement of the Higgs self-
interaction has been obtained. Indeed, it is not known whether the Higgs field does undergo a self-interaction!
A measurement of the second term in the Higgs potential, λvφ3, can be achieved by measuring the trilinear
self-coupling of the Higgs field. This can be done by the detection of a pair of Higgs particles in the final
state. This is difficult to accomplish, because the production rate is more than a thousand times smaller
than the production of a single Higgs boson [32]. A detection of the quadrilinear Higgs field self-interaction
is well beyond the ability of present day and any near future accelerators. The best hope to detect the Higgs
self-interaction lies with e+e− colliders such as the Compact Linear Collider (CLIC) which could reach the
necessary detection threshold greater than 500 GeV.
2 Electroweak Model Lagrangian
We shall concentrate on the electroweak sector of our model. The electroweak model Lagrangian is
LEW =
∑
ψL
ψ˜L
[
γµ
(
i∂µ − 1
2
g˜τaW aµ − g˜′
Y
2
Bµ
)]
ψL +
∑
ψR
ψ˜R
[
γµ
(
i∂µ − g˜′Y
2
Bµ
)]
ψR
−1
4
BµνBµν − 1
4
W aµνW
aµν + LM + Lmf . (3)
The τ ′s are the usual Pauli spin matrices and ψL denotes a left-handed fermion (lepton or quark) doublet,
and the ψR denotes a right-handed fermion singlet. The fermion fields (leptons and quarks) have been
written as SUL(2) doublets and U(1)Y singlets, and we have suppressed the fermion generation indices. We
have ψL,R = PL,Rψ, where PL,R =
1
2
(1∓ γ5). The Lagrangian for the neutral scalar Higgs boson is given by
LHiggs =
∣∣∣∣
(
i∂µ − 1
2
g˜Hτ
aW aµ − g˜′H
Y
2
Bµ
)
φ
∣∣∣∣
2
+
1
2
m2Hφ
2, (4)
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where φ is the isoscalar neutral Higgs field. The photon-fermion Lagrangian is
LQED =
∑
ψL
ψ˜L
[
γµ
(
i∂µ − 1
2
e˜
)
Aµ
]
ψL +
∑
ψR
ψL
[
γµ
(
i∂µ − 1
2
e˜
)
Aµ
]
ψR − 1
4
FµνFµν + Lmf , (5)
where
Bµν = ∂µBν − ∂νBµ, (6)
W aµν = ∂µW
a
ν − ∂νW aµ − g˜fabcW bµW cν , (7)
and
Fµν = ∂µAν − ∂νAµ. (8)
The Lagrangian for the vector boson mass terms is
LM = 1
2
M2WW
aµW aµ +
1
2
M2BB
µBµ, (9)
and the fermion mass Lagrangian is
Lmf = −
∑
ψi
L
,ψj
R
mfij(ψ˜
i
Lψ
j
R + ψ˜
i
Rψ
j
L), (10)
where MW , MB and m
f
ij denote the boson and fermion masses, respectively. Eq.(10) can incorporate
massive neutrinos and their flavor oscillations. The mass Lagrangians explicitly break SU(2)L × U(1)Y
gauge symmetry.
The Aµ and Zµ are linear combinations of the two fields W3µ and Bµ:
Aµ = cwBµ + swW3µ, (11)
Zµ = −swBµ + cwW3µ, (12)
where cw = cos θw, sw = sin θw and the angle θw denotes the weak mixing angle. The electroweak coupling
constants g and g′ are related to the electric charge e by the standard equation
gsw = g
′cw = e (13)
and we use the standard normalization cw = g/(g
2 + g
′2)1/2 and g′/g = tan θw.
The fermion and boson fields are local fields and we have
g˜(p2) = gE(p2/Λ2i ), (14)
g˜′(p2) = g′E(p2/Λ2i ), (15)
e˜(p2) = eE(p2/Λ2i ). (16)
g˜H(p
2) = gHE(p2/Λ2H), (17)
g˜′H(p
2) = g′HE(p2/Λ2H). (18)
We define the entire function distribution operator E in terms of the kinetic operator K:
E = exp
( K
2Λ2i
)
. (19)
The Feynman rules for the finite QFT follow as extensions of the local standard QFT. Every internal line in
a Feynman diagram can be connected to a regulated propagator:
i∆˜ =
iE2
K = i
∫
dτ
Λ2i
exp
(
τ
K
Λ2i
)
, (20)
where we have used the Schwinger proper time method to determine the propagator.
3
An additional auxiliary propagator was introduced in the formulation of finite QED [4]:
− i∆ˆ = i(1− E
2)
K = −i
∫ 1
0
dτ
Λ2i
exp
(
τ
K
Λ2i
)
. (21)
The auxiliary propagator ∆ˆ does not possess poles and does not have particles. Tree order amplitudes such
as Compton scattering amplitudes are identical to their local QFT counterparts. The tree amplitudes such
as Compton amplitudes are the sum of (20) and (21), and this sum gives the standard local propagator and
tree graphs and they are free of unphysical couplings.
3 Microscopic Causality
The choice of nonlocal interaction coupling distributions can be equivalently described by constant coupling
constants g, g′, e and gH and nonlocal field operators defined by
φ˜(x) =
∫
d4x′F(x− x′)φ(x′) = F(x(x))φ(x), (22)
where φ(x) is the local field operator and x = ∂
µ∂µ. The local field operator φ(x) satisfies the commutation
relation:
∆¯(x− x′) = i[φ(x), φ(x′)], (23)
where
∆¯(x) = i
∫
d4k
(2π)4
exp(−ik · (x − x′))ǫ(k0)2πδ(k2 −m2), (24)
is the Pauli-Jordan propagator and
ǫ(k0) = θ(k0)− θ(−k0) = 1 for k0 > 0 and − 1 for k0 < 0, (25)
and
θ(k0) = 1 for k0 > 0 and − 1 fork0 < 0. (26)
We have
∆¯(x) =
1
2π
ǫ(x0)δ(x2)− m
4π
√
(x2)
θ(x2)ǫ(x0)J1(m
√
(x2)), (27)
where J1 is a Bessel function. The Pauli-Jordan propagator satisfies outside the light cone:
∆¯(x− x′) = 0, (x − x′)2 < 0, (28)
and
[φ(x), φ(x′)] = 0, (x − x′)2 < 0. (29)
We can now prove that the finite QFT satisfies microscopic causality [22, 33]. We define
F(x− x′) = F(x)δ4(x− x′), (30)
where
φ˜(x) =
∫
d4x′F(x− x′)φ(k) exp(−ik · x) =
∫
d4k
(2π)4
φ(k)F(−k2) exp(−ik · x). (31)
We can now calculate the commutator:
[φ˜(x), φ˜(x′)] = [F(x)φ(x),F(x′ )φ(x′)] = F(x)F(x′)[φ(x), φ(x′)]. (32)
This leads to
[φ˜(x), φ˜(x′)] = F(x)F(x′)
∫
d4k
(2π)4
exp(−ik · (x − x′))ǫ(k0)2πδ(k2 −m2)
=
∫
d4k
(2π4)
F2(−m2) exp(−ik · (x− x′))ǫ(k0)2πδ(k2 −m2) = F2(−m2)(−i)∆¯(x− x′), (33)
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It then follows that for the nonlocal field operator φ˜(x):
[φ˜(x), φ˜(x′)] = 0, (x − x′)2 < 0. (34)
This proves that the finite QFT satisfies microscopic causality.
4 The Boson Masses
The vector propagator for the scattering of longitudinally polarized vector bosons is
iDµν(p2) =
−iηµν
p2 −ΠTV f (p2)
, (35)
where ηµν denotes the Minkowski spacetime metric, and we explicitly indicated the dependence of the self-
energy and the propagator on momentum. This differs from the vector boson propagator of the SM in that
the squared mass m2V of the vector boson is replaced by the self-energy term Π
T
V f . For an on-shell vector
boson, demanding agreement with the standard model requires that the following consistency equation be
satisfied:
m2V = Π
T
V f (m
2
V ). (36)
In the transverse sector for the Z − Z part, we get [20, 21]:
− iΠTZf = −
1
2
i(g2 + g′2)Λ2WZ
(4π)2
∑
ψ
[(Km1m2 −Lm1m2)+Pm1m2(2c4w + s4w32(Q−T3)2− 16s2wc2wT 3(Q−T33))].
(37)
where we have summed over fermion loop doublets and masses m1 and m2. The pure photon sector gives
− iΠTAf = −
1
2
i(g2 + g′2)Λ2WZ
(4π)2
c2ws
2
w
∑
ψ
Pm1m2 [2 + 32(Q− T3)2 + 16T3(Q − T33)]. (38)
Here, Q = T3 +
1
2
Y is the electric charge and T3 is the third component of isospin and we have
Pm1m2 = −
p2E
Λ2W
∫ 1
2
0
dττ(1 − τ)
[
E1
(
τ
p2E
Λ2W
+ fm1m2
)
+ E1
(
τ
p2E
Λ2W
+ fm2m1
)]
, (39)
Km1m2 =
∫ 1
2
0
dτ(1 − τ)
[
exp
(
−τ p
2
E
Λ2W
− fm1m2
)
+ exp
(
−τ p
2
E
Λ2W
− fm2m1
)]
, (40)
Lm1m2 =
∫ 1
2
0
dτ(1 − τ)
[
fm1m2E1
(
τ
p2E
Λ2WZ
+ fm1m2
)
+ fm2m1E1
(
τ
p2E
Λ2WZ
+ fm2m1
)]
, (41)
where
fm1m2 =
m21
Λ2WZ
+
τ
1− τ
m22
Λ2WZ
. (42)
Moreover, E1 is the exponential integral:
E1(z) ≡
∫ ∞
z
dy
exp(−y)
y
= − ln(z)− γe −
∞∑
n=1
(−z)n
nn!
, (43)
and γe is Euler’s constant. If we insert this into the quadratic terms in the action and invert, we get the
corrected propagator (in a general gauge):
iDµν = −i
(
ηµν − pµpνp2
p2 −ΠTV f
+
ξpµpν
p2
p2 − ξΠLV f
)
, (44)
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and when the longitudinal piece is nonzero in the unitary gauge (where only the physical particle spectrum
remains), we have no unphysical poles in the longitudinal sector. In this way, we can assure ourselves that
we are not introducing spurious degrees of freedom into the theory.
In the diagonalized W± sector, we get
−iΠLW±f =−
ig2Λ2WZ
(4π)2
∑
qL
(Km1m2 − Lm1m2), (45)
−iΠTW±f =−
ig2Λ2WZ
(4π)2
∑
qL
(Km1m2 − Lm1m2 + 2Pm1m2). (46)
The pure photon sector gives
− iΠTAf = −
1
2
i(g2 + g′2)Λ2WZ
(4π)2
c2ws
2
w
∑
ψ
Pm1m2 [2 + 32(Q− T 3)2 + 16T 3(Q− T 3)]. (47)
We observe from (39) and (47) that ΠTAf (0) = 0, guaranteeing a massless photon.
We obtain for the mixing sector:
− iΠTAZf = −
1
2
i(g2 + g′2)Λ2WZ
(4π)2
c2ws
2
w
∑
ψ
Pm1m2 [2c
2
w − 32s2w(Q− T3)2 − 16T3(Q− T3)(s2w − c2w)]. (48)
To calculate boson masses, we note the form of the massive vector boson propagator (44). When we
consider the scattering of longitudinally polarized vector bosons, the terms containing pµpν cancel out. In
the remaining term, ΠTV f appears in the same place where, in the SM, M
2
V is present. We therefore make
the identification
M2V = Π
T
V f . (49)
This allows us to calculate the masses of the W± and Z0 bosons or conversely, use their experimentally
known masses to calculate ΛWZ .
For the Z-boson, the on-shell mass MZ is determined by the right-hand side of (36) and by (37), and
we find that it contains terms that include the electroweak coupling constant, the Weinberg angle, fermion
masses, and the ΛWZ parameter. As all these except ΛWZ are known from experiment, the equation
M2Z = Π
T
Zf (M
2
Z), (50)
the right-hand side of which contains ΛWZ through (37), can be used to determine ΛWZ . Using the values
g = 0.649, sw = 0.2312, and mt = 172.76 GeV, and noting that the calculation is not sensitive to the much
smaller masses of the other 11 fermions, we get
ΛWZ = 542 GeV, (51)
where the precision of ΛWZ is determined by the precision to which the Z-mass is known, and it is not
sensitive to the lack of precision knowledge of the top quark mass or the other quark masses. Knowing ΛWZ
allows us to solve the consistency equation for the W -boson mass. Treating MW as unknown, we solve using
(46):
M2W = Π
T
Wf (m
2
W ), (52)
for MW , and obtain
MW = 80.05 GeV. (53)
This result, which does not incorporate radiative corrections, is actually slightly closer to the experimental
valueMW = 80.379±0.012 GeV than the comparable tree-level standard model predictionMW ≃ 79.95 GeV.
This is anticipated as our regularization scheme will introduce some suppression of higher-order corrections
at the energy scale of MW and ΛWZ .
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We can obtain a non-trivial prediction of the ρ parameter. Using the definition
ρ =
M2W
M2Z cos
2 θw
, (54)
we get
ρ ≃ 1.0023. (55)
The Lagrangian we consider for a real scalar field describing the Higgs boson is given by
LH = 1
2
φφ− 1
2
m2Hφ
2 − 1
4!
λφ4. (56)
The entire function distribution for the scalar Higgs field is given by
E = exp
(
+m2H
2Λ2H
)
. (57)
The propagator in Euclidean momentum space using the Schwinger proper time formalism is
i∆˜H(p) ≡ iE
2
p2 +m2H
= i
∫
dτ
Λ2H
exp
[
−τ
(
p2 +m2H
Λ2H
)]
. (58)
We assume that the Higgs bare mass m0H = 0 and identify the dominant one-loop top quark radiative
self-energy with the Higgs mass, mH ∼ δmH . We obtain
m2H =
y2t
16π2
Λ2H + δO(m2weak), (59)
where yt is the top quark coupling constant. With the choice yt ∼ 1 and mH = 125 GeV, we find
ΛH ∼ 1.57TeV. (60)
The higher order Higgs mass radiative corrections will be damped out at higher energies greater than ΛH ,
because of the exponential damping caused by the entire function in the propagator [22].
5 Fermion Masses
In the standard electroweak model, the fermion masses are generated through Yukawa couplings. We will
generate fermion masses from the finite one-loop fermion self-energy graph by means of a Nambu-Jona-
Lasinio mechanism [34]. A fermion particle satisfies
i/p+m0f +Σ(p) = 0, (61)
for i/p+mf = 0 where m0f is the bare fermion mass, mf is the observed fermion mass and Σ(p) is the finite
proper self-energy part. We have
mf −m0f = Σ(p,mf , g,Λf)|i/p+mf=0. (62)
Here, Λf denote the energy scales for lepton and quark masses.
The finite self-energy contribution obtained by joining together two fermion-boson vertices is given by [6,
4, 20, 21]:
−iΣ1(p) =
∫
d4k
(2π)2
(ig2fγ
µ)
( −i
/p+mf − iǫ
)
(ig2fγ
ν)
( −iηµν
k2 +m2 − iǫ
)
exp
[
−
(
p2 +m2f
Λ2f
)
−
(
q2 +m2f
Λ2f
)
− k
2
Λ2f
]
,
(63)
where g2f is a fermion coupling constant containing quark color factors for strong coupling and is a weak
coupling constant for leptons and q = p− k. We have neglected the small vector boson mass contribution,
M2V /Λ
2
f .
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The propagators are now converted to Schwinger integrals and the momentum integration is performed
to give
− iΣ1(p) = −g2f exp
[
−
(
p2 +m2f
Λ2f
)]∫ ∞
1
dτ1
Λ2f
∫ ∞
1
dτ2
Λ2f
∫
d4k
(2π)4
(2/q + 4mf) exp
[
−τ1
(
q2 +m2
Λ2f
)
− τ2 k
2
Λ2f
]
.
(64)
This result can be expressed as
−iΣ1(p) =
−ig2f
8π2
exp
[
−
(
p2 +m2f
Λ2f
)]∫ ∞
1
dτ1
∫ ∞
1
dτ2
[
τ2
(τ1 + τ2)3
/p+
2mf
(τ1 + τ2)2
]
exp
(
− τ1τ2
τ1 + τ2
p2
Λ2f
−τ1
m2f
Λ2f
)
.
(65)
Here, we have performed a rotation to Euclidean momentum space, accounting for the factor of i.
Another contribution Σ2(p) to the self-energy comes from the tadpole fermion-boson self-energy graph:
− iΣ2(p) =
∫
d4k
(2π)2
(−ig2f)γµ(/q−mf )γν
( −iηµν
k2 − iǫ
)∫ 1
0
dτ
Λ2f
exp
[
−
(
p2 +m2f
Λ2f
)
− τ
(
q2 +m2f
Λ2f
)
− k
2
Λ2f
]
. (66)
Adding together the two diagram contributions Σ1(p) and Σ2(p), we obtain
Σ(p) =
g2f
8π2
exp
[
−
(
p2 +m2f
Λ2f
)]∫ 1
0
dx(x/p+ 2mf )E1
[
(1 − x) p
2
Λ2f
+
(
1− x
x
)
m2f
Λ2f
]
. (67)
By developing an asymptotic expansion in Λf and expanding the exponential integral, we get
Σ(p) =
αf
2π
[(
1
2
/p+2mf
)
ln(Λ2f )−
(
1
2
/p+2mf
)
γe+
1
2
/p−
∫ 1
0
dx(x/p+2mf) ln(xp
2+m2f )+O
[
ln(Λ2f )
Λ2f
]
, (68)
where αf = g
2
f/4π.
The fermion mass is now identified with Σ(p) at p = 0 and we choose m0f = 0:
mf = Σ(0) =
αfmf
π
[
ln
(
Λ2f
m2f
)
− γe
]
+O
[
ln(Λ2f )
Λ2f
]
. (69)
This equation has two solutions: either mf = 0, or
1 =
αf
π
[
ln
(
Λ2f
m2f
)
− γe
]
. (70)
The first trivial solution corresponds to the standard perturbation result. The second non-trivial solution
will determine mf in terms of αf and Λf and leads to the fermion “mass gap” equation
mf = Λf exp
[
−1
2
(
π
αf
+ γe
)]
. (71)
We observe that the fermion masses reveal an exponential displacement as is suggested by the experimen-
tal hierarchical values of the quark and lepton masses. In Table 1, we display the quark and lepton masses and
the corresponding mass scales Λf . We have chosen for the strong coupling constant αs(MZ) = 0.117±0.0007,
where αs = g
2
s/4π is evaluated at the mZ pole and gs = 1.213, and for the electroweak coupling constant
gw = 0.649 and αw = 0.0516.
6 Conclusions
We have formulated a particle model based on the finite QFT which satisfies unitarity and microcausality.
The quantum loops ar finite to all orders of perturbation theory with mass (length) scales Λi for the bosons
and fermions. The regularizing length scales Λi determine the lengths at which a particle probe cannot be
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Table 1: Fermion masses and Λf
fermion massf Λf
t 172.76 GeV 1.69× 105 TeV
b 4.18 GeV 4.11× 103 TeV
c 1.28 GeV 1.16× 103 TeV
s 0.095 GeV 86 TeV
d 3.98× 10−3 GeV 3.98 TeV
u 1.87× 10−3 GeV 1.72 TeV
τ 1.777 GeV 3.82× 1010 TeV
µ 0.106 GeV 2.28× 109 TeV
e 5.11× 10−4 GeV 1.08× 107 TeV
ντ 0.015 GeV 3.2× 108 TeV
νµ 1.9× 10−4 GeV 4.1× 106 TeV
νe 0.20× 10−8 GeV 43.0 TeV
performed at a localized value of energy. The local point-like determination of particle interactions becomes
smeared out and the interactions are no longer described by a Dirac delta function distribution. Instead,
they are described by a infinite derivative, entire function distribution E(p2). The perturbative infinite
renormalizations of charge and mass in local QFT are replaced by finite renormalizations. It is no longer
required that the Lagrangian of the theory satisfies a gauge symmetry as for QED and QCD with their
massless photon and gluon, respectively. We adopt the assumption that the electroweak sector SU(2)×U(1)
is a broken symmetry with non-zero W and Z bosons and non-zero quark, lepton and neutrino masses.
The masses of bosons and fermions are determined by their perturbative self-energies. An approximate
calculation of the boson one-loop W boson self-energy predicts the W boson mass, MW = 80.05 GeV and
the Z mass is determined to be its experimental MZ = 91 GeV with a mass scale ΛWZ = 542 GeV. The
Higgs mass is mH = 125 GeV for a mass scale ΛH = 1.57 GeV and radiative Higgs mass corrections are
exponentially damped out for energies greater than ΛH . The fermion masses determined by the one-loop
perturbative fermion self-energies display a mass spectrum in which the quarks, leptons and neutrinos are
exponentially separated in mass, a prediction in agreement with the observed experimental pattern of fermion
masses.
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